Hydrophobic properties of the beta 1 and beta 2 subunits of the rat brain sodium channel.
Voltage-sensitive sodium channels purified from rat brain in functional form consist of a stoichiometric complex of three glycoprotein subunits, alpha of 260 kDa, beta 1 of 36 kDa, and beta 2 of 33 kDa. The alpha and beta 2 subunits are linked by disulfide bonds. The hydrophobic properties of these three subunits were examined by covalent labeling with the photoreactive hydrophobic probe 3-(trifluoromethyl)-3-(m-[125I]iodophenyl)diazirine [( 125I]TID) which labels transmembrane segments in integral membrane proteins. All three subunits of the sodium channel were labeled by [125I]TID when the purified protein was solubilized in mixed micelles of Triton X-100 and phosphatidylcholine (4:1). The half-time for photolabeling was approximately 7 min consistent with the half-time of 9 min for photolysis of TID under our conditions. Comparable amounts of TID per mg of protein were incorporated into each subunit. Purified sodium channels reconstituted in phosphatidylcholine vesicles were also labeled by TID with comparable incorporation per mg of protein into all three subunits. The efficiency of photolabeling of the three subunits was reduced from 39 to 44% by a 2-fold expansion of the hydrophobic phase of the reaction mixture but was unaffected by a 2-fold expansion of the aqueous phase, confirming that the photolabeling reaction took place in the lipid phase of the vesicle bilayer. The hydrophobic properties of the sodium channel subunits were examined further using phase separation in the nonionic detergent Triton X-114. Under conditions in which beta 1 is dissociated from alpha, the beta 1 subunit was preferentially extracted into the Triton X-114 phase, and the disulfide-linked alpha beta 2 complex was retained in the aqueous phase. When the disulfide bonds between the alpha and beta 2 subunits were reduced with dithioerythritol, the beta 2 subunit was also preferentially extracted into the Triton X-100 phase leaving the free alpha subunit in the aqueous phase. A preparative method for isolation of the beta 1 and beta 2 subunits was developed based on this technique. Considered together, the results of our hydrophobic labeling and phase separation experiments indicate that the alpha, beta 1, and beta 2 subunits all have substantial hydrophobic domains that may interact with the hydrocarbon phase of phospholipid bilayer membranes. Since the alpha subunit is known to be a transmembrane protein with many potential membrane-spanning segments, we conclude that the beta 1 and beta 2 subunits are likely to also be integral membrane proteins with one or more membrane-spanning segments.(ABSTRACT TRUNCATED AT 400 WORDS)